GE37468A is a novel antibiotic produced by Streptomyces sp. ATCC55365. It has molecular mass 1309.48 and formula C^t^O^N^Ss and belongs to the thiazolyl peptide group of antibiotics. The structure was elucidated by *H and 13C NMRand MSstudies on intact molecule and its hydrolysis products. The antibiotic is a highly modified peptide containing a macrocycle and a side chain composedof a thiazole ring and two dehydroalanine units.
GE37468A is a novel antibiotic produced by Streptomyces sp. ATCC55365. It has molecular mass 1309.48 and formula C^t^O^N^Ss and belongs to the thiazolyl peptide group of antibiotics. The structure was elucidated by *H and 13C NMRand MSstudies on intact molecule and its hydrolysis products. The antibiotic is a highly modified peptide containing a macrocycle and a side chain composedof a thiazole ring and two dehydroalanine units.
GE37468 A is a novel antibiotic1* active against Grampositive bacteria which inhibits procaryotic protein synthesis by acting on Elongation Factor Tu (EF-Tu).
The antibiotic is similar in mode of action and spectrum of activity to the thiazolyl peptide antibiotic GE2270
A2~5\
GE37468A was produced by fermenting Streptomyces sp. ATCC55365. The purified antibiotic is a white solid, soluble in organic solvents and sparingly soluble in water. The structure was determined by physico-chemical investigations applied to the intact molecule and to the main hydrolysis products.
Materials and Methods
UVabsorption spectra were recorded with a PerkinElmer spectrophotometer mod. Lambda16. The antibiotic was dissolved in methanol-acetonitrile-water 7 : 7: 1 (v/v) as such and at extreme pH values obtained by adding a trace ofHC1 or KOH. IR absorption spectra were obtained from a mineral oil suspension with a Bruker FT-IR spectrophotometer mod.ISF 48.
Acid-base titrations in aqueous medium were obtained with 0.01n HC1 after adding an excess of 0.01n KOH to a solution of the sample in methylcellosolve-water 4: 1 (v/v) .
Titrations in non-aqueous medium were carried out in glacial acetic acid with 0.01 n HC1O4, and in pyridine with tetrabutylammonium hydroxide. FAB-MSspectra (low resolution positive and negative ion) were obtained on Finnigan MATTSQ700 triple stage quadrupole mass spectrometer, using a saddle field atom gun (with Xe gas) at 8kV voltage and 1 mA current. The instrument was previously calibrated both in negative and positive ion modeusing Csl as reference compound up to m/z 2000. Samples were dissolved in dimethylsulphoxide (DMSO)-m-nitrobenzyl alcohol NOV. 1995 (m-NBA) 1 : 1 (v/v). High resolution exact mass measurements were obtained on Kratos MS50 mass spectrometer, using peak matching technique and operating in positive FAB mode. *H and 13C NMRspectra were performed, using a solution of 10 mg oflyophilized GE37468 A in 0.5ml of DMSO-d6, on Bruker AM-500spectrometer equipped with an Aspect 3000 computer, at 295°K. 13C NMR spectrum was obtained by composite pulse decoupling (CPD, Powgate microprogram spectra were recorded using argon as collision gas. The aqueous solution from acid hydrolysis was lyophilized, suspended in 3 ml of methanol and divided in 3 equal portions which were evaporated to dryness source temperature 120°C, electron energy 120eV, ionization gas CH4, manifold pressure 6-10"6 torr. Peak identification was obtained, when possible, by comparison with NBSreference spectra.
Results and Discussion
Basic structure information was obtained from the physico-chemical characteristics and by comparison with antibiotic GE2270 A.
The UV spectra of antibiotic GE37468 (Table 1) Positive FAB-MSspectrum (Fig. 1) showed the lowest isotope of the main peak at 1291 u. This peak derived from protonated molecule m/z 1309 by loss of water, as A, B, C, and D =thiazole rings; Dha=dehydroalanine; Pyr=pyridine; Pro =proline; Tyr=tyrosine; Cys=thiazoline; Phe= phenylalanine; Asn = asparagine; Oxa = oxazole (see Fig. 3 ).
103.7 ppm). They showed couplings with the corresponding jS-NH singlets, which in turn were coupled with carbonyl groups of respective amino acids. Because of the presence offive sulfur atoms, as deduced by exact mass measurements and hydrolysis data (Table  4) , the four protonic singlets in the S 7.7~8.7 ppm region were confidently attributed to four thiazoles. In HMBC spectra, each of them was coupled to three carbon atoms in the corresponding ring. One methyloxazole was also present as indicated by protonic methyl singlet at 2.73ppm and by its coupling with two carbons in the ring. Chemical shifts were consistent with literature data of methyloxazoles1 3). A 2,3,6-substituted pyridine was indicated by two protonic doublets around 8.5 ppm. Each proton showed an HMBC coupling through three bonds with the three quaternary pyridine carbons. These data were in accord with ionization results and with UV spectrum, in indicating that the chromophore, in analogy to antibiotics GE2270 A3~5) and amythiamicin D14) was a pyridine ring conjugated to other heterocycles. In fact, the characteristic UVspectrum (Table 1 , 2max 250nm (sh), 305 nm, 340nm (sh)) and XH and 13C NMRspectral data (Table 3) Other building blocks were revealed by NMRstudies.
One j8-methyl-(5-hydroxyproline was revealed by the pattern of the numerouscouplings through three bonds in the PHDQ-COSY experiment and through more than three bonds in the TOCSY experiment (Fig. 2) Fig. 3 with solid arrows and dotted arrows, respectively. Starting point was the C terminal of dehydroalanine, whose free carboxylic function conferred pH sensitivity to carbonyl 13C signal (165.4ppm as reported in Table 3 for the unprotonated form, and 164.9ppm as found in the case ofprotonated form). Three thiazoles and methyloxazole were allocated as substituents of pyridine in the chromophore. Remaining connections were established by GC-MSand FAB-MS of hydrolysis products. Acid hydrolysis of GE37468
A produced one soluble fraction and a precipitate. The soluble fraction was divided in three portions which, after derivatization, were analyzed by GC-MS! Tyrosine, thiazolyl-aspartic acid, phenylalanine and cysteine with its by-products were identified by GC-MS of the soluble fraction. Phenylalanine and cysteine were generated from phenylalanyl-thiazoline, which is unstable under the hydrolysis conditions. Thiazolyl-aspartic acid is stable and was found intact by EI-MS and CI-MS analyses.
The precipitate was analyzed by FAB-MSas shown in Fig. 4 . It resulted a mixture of products originated from a-hydroxy-proline connected to chromophore. This group is a cyclic aminal which, upon acidic treatment, eliminated water or generated hemiacetal and acetal as derivatives with phenol present in hydrolysis mixture.
FAB-MS/MS, with collisional-induced dissociation of most abundant ion m/z 673, confirmed that hemiacetal structure derived from aldehydic group and phenol. The daughter ion spectrum and the interpretation is shown in Fig. 5 . The precipitate was constituted of incomplete hydrolysis products. Six main hydrolysis products were found as clusters of four derivatives (Table 4 ). Cluster
No. 2, for example, referred to a hydrolysis product containing chromophore and tyrosine. The peak at m/z 760 corresponded to an ion which retained intact the a-hydroxyproline moiety, and the peak at m/z 742 to the previous ion after loss of H2Oand formation of one double bond. Two peaks at m/z 836 and 930 derived from the reactions with one or two phenols, respectively.
Products from incomplete hydrolysis demonstrated connections between methyl-hydroxyproline and tyrosine, between phenylalanine and thiazolasparagine, between thiazolasparagine and methyloxazole, and confirmed other connections as revealed by NMR studies.
Structure of GE37468 A was thus elucidated as reported in Fig. 6 . Structural similarity with other thiazolyl peptide antibiotics15) suggests a common biogenesis, as discussed in the accompanying paper.
The putative peptide precursor of GE37468 is visualized from Fig. 6 .
